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We present a unified explanation for the B-decay anomalies in RD(∗) and RK together with the
anomalous muon magnetic moment, consistent with the constraints from the current measurements
of leptonic decay rates and D0− D¯0, B0s − B¯0s mixings, within the framework of a minimal left-right
symmetric gauge theory motivated by one of the low-energy subgroups of E6 naturally accommo-
dating leptoquarks.
I. Introduction — Precision measurements associ-
ated with rare decays provide powerful probes for new
physics (NP) beyond the Standard Model (SM) in the
intensity frontier of modern particle physics. To this
end, the study of rare B decays induced by flavor chang-
ing neutral current (FCNC) have shown some interest-
ing anomalies hinting towards lepton nonuniversal NP.
In 2012, the BABAR Collaboration reported [1] the mea-
surements of the ratio of branching fractions
RD(∗) =
Br(B¯ → D(∗)τ ν¯)
Br(B¯ → D(∗)lν¯) , (1)
RBABARD = 0.440± 0.058± 0.042 and RBABARD∗ = 0.332±
0.024± 0.018 showing 2.0σ and 2.7σ enhancements over
the SM predictions RSMD = 0.300 ± 0.010 and RSMD∗ =
0.252 ± 0.005, respectively. Partially corroborating this
result in 2015, the Belle Collaboration reported RBelleD =
0.375±0.064±0.026 and RBelleD∗ = 0.293±0.038±0.015 [2].
Very recently, the LHCb and Belle Collaborations have
reported RLHCbD∗ = 0.336±0.027(stat.)±0.030(syst.) and
RBelle16D∗ = 0.302 ± 0.030(stat.) ± 0.011(syst.) amounting
to ∼ 2.1σ and ∼ 1.6σ enhancements over the SM pre-
dictions, respectively [3, 4]. These results are consistent
with each other and when combined together show sig-
nificant enhancements over the SM expectations, hinting
towards a large new physics contribution. Interestingly,
the LHCb Collaboration [5] has recently reported another
striking deviation from the SM prediction of the ratio of
branching fractions of charged B¯ → K¯ll decays
RK =
Br(B¯ → K¯µ+µ−)
Br(B¯ → K¯e+e−) . (2)
The measured value of RLHCbK = 0.745 ±0.0900.074 ±0.036, in
the dilepton invariant mass squared bin 1 GeV2 ≤ q2 ≤
6 GeV2 corresponds to a 2.6σ deviation from the SM pre-
diction RSMK = 1.0003± 0.0001 [6].
On the other hand, currently the most precise measure-
ment of the anomalous muon magnetic moment by E821
experiment at Brookhaven National Laboratory (BNL)
has been reported to show a significant deviation from
the SM prediction ∆aµ = a
exp
µ −aSMµ = (2.8±0.9)×10−9
amounting to a ∼ 3σ level deviation [7]. This discrep-
ancy also points to the possible existence of NP beyond
the SM.
Several attempts have been made in the literature to
explain the above anomalies in B decays by invoking NP
models [8–17] and separately using a model independent
approach [18–24] [53]. Among them, one of the exten-
sively studied class of models relies on scalar or vector
leptoquarks. However, in these models the leptoquark
couplings are often taken at an effective level without
any concrete framework. The purpose of this paper is
to explain all three anomalies consistently within the
framework of a left-right symmetric gauge theory natu-
rally accommodating leptoquarks. This framework, mo-
tivated by one of the low energy subgroups of E6, can
naturally enhance both B¯ → Dτν¯ and B¯ → D(∗)τ ν¯ via
the exchange of scalar leptoquarks to explain the anoma-
lies, while the RK data can be explained simultaneously
through one loop diagrams induced by leptoquarks. The
anomalous muon magnetic moment can also be explained
in this model without utilizing a nonzero right-handed
coupling of leptoquarks. We also discuss various con-
straints from the current measurements of (semi) leptonic
decays and B0s − B¯0s , D0 − D¯0 mixings and comment on
nonzero branching fraction of the lepton flavor violating
decay h→ τµ which requires a fine-tuning to satisfy con-
straints from τ → µγ decay.
II. Low energy subgroups of E6 and Neutral
Left-Right Symmetric Model — Superstring in-
spired E6 grand unified theory (GUT) being the next nat-
ural anomaly free GUT theory after SO(10) has obtained
considerable attention in literature thanks to many al-
ternative intermediate mass breaking scales and a num-
ber of exotic new fields including leptoquarks or diquarks
(to avoid rapid proton decay both cannot be present si-
multaneously) promising a rich low energy phenomenol-
ogy. One of the maximal subgroups of E6 is given by
SU(3)c × SU(3)L × SU(3)R. Under this subgroup, the
fundamental 27 representation of E6 has the decomposi-
tion given by
27 = (3, 3, 1) + (3∗, 1, 3∗) + (1, 3∗, 3) . (3)
The assignment of the multiplets are as follows (u, d, h) :
(3, 3, 1), (hc, dc, uc) : (3∗, 1, 3∗), and the leptons are as-
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2signed to (1, 3∗, 3). Other than the usual SM fields,
several new fields are present including an exotic −1/3
charge leptoquark h, the right-handed neutrino N c and
the two lepton isodoublets (νE , E) and (E
c, N cE). The
breaking of SU(3)L to SU(2)L × U(1)L is fixed by the
SM isodoublet structure, for example, (u, d, h)L : (3, 3, 1)
must break to the usual SM isodoublet (u, d)L and an
isosinglet hL. However, there are three choices to break
SU(3)R to SU(2)R×U(1)R depending on the three pos-
sible choices of the SU(2)R doublet corresponding to
T,U, V isospins of SU(3)R. The three choices of the
residual SU(2)R give three possible left-right symmet-
ric frameworks. In this paper, we are interested in the
choice where (hc, dc)L is the residual SU(2)R isodoublet
[26]. Interestingly, this choice results in a unique situa-
tion where the residual SU(2)R does not contribute to
the electric charge [26], and hence, we call this model
“neutral” left-right symmetric model (NLRSM). We will
denote the residual SU(2)R as SU(2)N . The correspond-
ing charge equation is given by Q = Y3L +
1
2YL +
1
2YN .
The fields have the following transformations under the
NLRSM gauge group G = SU(3)c×SU(2)L×SU(2)N ×
U(1)Y [27]
(u, d)L : (3, 2, 1,
1
6
), (hc, dc)L : (3¯, 1, 2,
1
3
),
(Ec, N cE)L : (1, 2, 1,
1
2
), (N c, n)L : (1, 1, 2, 0),
hL : (3, 1, 1,−1
3
), ucL : (3¯, 1, 1,−
2
3
),
ecL : (1, 1, 1, 1),
(
νe νE
e E
)
: (1, 2, 2,−1
2
). (4)
The gauge bosons corresponding to SU(2)N are electri-
cally neutral and are denoted by ZN ,W
±
N , where the ±
sign refers to SU(2)N charge. The interactions of the
new exotic fields with the SM sector are governed by the
superpotential
W = λ1 (νeN
c
LN
c
E + eE
cN cL + νEN
c
En+ EE
cn)
+ λ2 (dcN cLh+ hh
cn) + λ3ucech+ λ4 (uucN cE + u
cdEc)
+ λ5 (νee
cE + eecνE) + λ
6 (udcE + ddcνE + uh
ce+ dhcνe) .
(5)
From the superpotential, it follows that the leptoquark h
has the assignment B = 1/3 and L = 1, while the exotic
fields νE , E, and n have B = L = 0 and N
c has B =
0, L = −1. In the gauge sector, WN carries a nonzero
lepton number B = 0, L = −1.
In addition to the above superpotential couplings, the
gauge couplings of WN and ZN to the fermions can also
induce FCNC processes such as B0 − B¯0,K0 − K¯0 and
in the leptonic sector, the lepton flavor violating (LFV)
processes such as the decays h→ τµ, µ→ eγ, as well as
can contribute to the anomalous muon magnetic moment
in the presence of mixing between new exotic fields [28].
To keep things minimal, in the following analysis, we
assume that the dominant FCNC and LFV contributions
come from scalar leptoquark induced processes [54].
At the LHC, the pair production of scalar leptoquarks
is studied through the decay of leptoquarks into quark-
lepton pairs eq or νq [see the interactions in Eq. (5)],
which give bounds on the scalar leptoquark mass al-
most independent of the coupling coefficient. The cur-
rent limits on leptoquark masses from CMS searches for
pair production of scalar leptoquarks are 830, 840, and
525 GeV for first, second, and third generations, respec-
tively. From ATLAS searches these limits are 660, 422,
and 534 GeV, respectively [33]. On the other hand, from
single production search, the current lower limit on the
first generation scalar leptoquark is 304 GeV [33]. We
have chosen the benchmark LQ mass as an average of
the most stringent limits from CMS and ATLAS; never-
theless, for a higher leptoquark mass, all the conclusions
remain equally valid. In passing, we would also like to
mention that the existence of heavy neutral gauge bosons
and new exotic fermions can induce shifts to the elec-
troweak precision observables. However, a sufficiently
small mixing between heavy Z ′ and the SM Z ensures
that this shift is negligible [28]. The exotic fermions
can contribute to a shift to a ρ parameter via one-loop
vacuum polarization diagrams; however, given that the
exotic states are vectorlike particles, one must perform
an analysis for general vector and axial-vector couplings.
This is beyond the scope of the present work and can be
found in Ref. [34].
III. Explaining RD(∗) anomalies and constraints
from D0−D¯0 mixing and B, D decays— In NLRSM,
the scalar leptoquark (h˜∗) and slepton (E˜) can mediate
the semileptonic decays B¯ → D(∗)τ ν¯ at tree level. The
effective Lagrangian is given by
Leff =
3∑
i,k=1
V2i
[
λ533kλ
6∗
i3k
m2
E˜k
c¯LbR τ¯RνL
+
λ633kλ
6∗
i3k
m2
h˜k∗
c¯L(τ
c)R (ν¯
c)RbL
]
, (6)
where the superscripts are superpotential coupling in-
dices and the generation indices are written as subscripts.
Here, mh˜(mE˜) is the mass of scalar leptoquark h˜
k∗ (slep-
ton E˜k) and Vij is the ijth component of the CKM ma-
trix. In the convention of Ref. [35], the Wilson coeffi-
cients are given by
CτSL = −
1
2
√
2GFVcb
3∑
i,k=1
V2i
λ533kλ
6∗
i3k
m2
E˜k
,
CτVL = −
1
2
√
2GFVcb
3∑
i,k=1
V2i
λ633kλ
6∗
i3k
2m2
h˜k∗
, (7)
where the neutrinos are assumed to be of a tau flavor.
To simplify further analysis, we assume that except the
3SM contribution only the scalar leptoquark NP operator
contributes dominantly. This is justified because, the
case where CτSL is the dominant contribution, similar to
2HDM of type II or type III with minimal flavor violation,
can not explain both RD and RD∗ data simultaneously
[18, 36].
The leptonic decay modes B → τν, D+s → τν, D+ →
τν, and D0 − D¯0 mixing induced by scalar leptoquark
h˜k∗ exchange can be utilized to derive constraints on the
product of couplings λ633kλ
6∗
13k using measured branching
fractions for the decays and D0 − D¯0 mixing parame-
ters. In NLRSM, the exchange of the scalar leptoquark
h˜k∗ leads to an additional tree level diagram for the de-
cay B → τν in addition to the usual SM contribution.
Assuming couplings to be real, the modified rate of the
decay process B → τν gives constraint on the product of
couplings λ633kλ
6∗
13k given by
− 0.04
( mh˜k∗
1000GeV
)2
≤ λ633kλ613k ≤ 0.03
( mh˜k∗
1000GeV
)2
.(8)
The measured branching ratios of the decays D+s → τν
and D+ → τν can be used to obtain constraints on
(λ623k)
2 and λ623kλ
6
13k, respectively. The decay D
+
s → τν
gives the constraint
(λ623k)
2 ≤ 1.9
( mh˜k∗
1000GeV
)2
, (9)
and the decay process D+ → τν gives a weaker constraint
on λ623kλ
6
13k compared to D
0−D¯0. The relevant box dia-
grams are similar to the diagrams generated from internal
line exchange of lepton-squark pair or slepton-quark pair
in the case of R-parity violating models [37, 38]. The
relevant constraint is given by
− 0.012
( mh˜k∗
1000GeV
)
≤ λ623kλ613k ≤ 0.012
( mh˜k∗
1000GeV
)
.(10)
In Fig. 1, we plot the range of the couplings λ633k and
λ623k (for mh˜k∗ = 750 GeV) that can explain both RD and
RD∗ data over the parameter space allowed by the lep-
tonic decays and D0-D¯0 mixing. The shaded (light gray)
rectangles with dashed boundaries correspond to regions
of λ633k-λ
6
23k parameter space allowed by the constraints
from the B → τν, D+s → τν decays and D0− D¯0 mixing
for different values of λ613k. The solid (deep) blue bands
correspond to the (1σ)2σ allowed band explaining the
RD data and the (deep) pink bands correspond to the
allowed band explaining both RD and RD∗ data simul-
taneously. Note that the list of constraints mentioned
above is not complete and more independent constraints
can be derived from other leptonic and semileptonic de-
cays. For example, the decay processes τ+ → pi+ν and
t → bτν can give independent constraint on λ613k and
λ633k, respectively, which we find to be consistent with the
ones discussed above. Finally, the effective NP operators
under consideration also predict an enhanced decay rate
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FIG. 1: RD(∗) compatible λ
6
33k − λ623k parameter space con-
strained from B → τν, D+s → τν, and D0 − D¯0 mixing. For
details, see text.
for b→ sνν¯ [39, 40], which can be an interesting channel
for the future experiments and can be intriguing in the
context of radiative neutrino masses.
IV. Explaining RK anomaly and constraints
from B0s − B¯0s mixing— The lepton nonuniversality in
the ratio RK has been analyzed in a model-independent
fashion in Refs. [19, 20] suggesting that a good fit to the
data is obtained for the constraints
− 1.5 . CµLL . −0.7 ,
−1.9 . CµLL − CµLR . 0. (11)
The study [20] has also discussed leptoquark induced tree
level contributions which require either very large lepto-
quark masses or small couplings in order to explain the
data. In Ref. [13] it was explicitly pointed out that
one loop box diagrams can also explain the departure
from the SM prediction for O(1) left-handed couplings
and suppressed right-handed couplings. In NLRSM also,
the b → s`` flavor changing transition can occur at one
loop level via the scalar and fermionic leptoquarks in-
duced box diagrams shown in Fig. 2. We find that the
γ- and Z-penguin diagrams (including their supersym-
metric counterparts) give a vanishing contribution [55],
b
µ h˜
u ν
s
µ
W
b
s µ
µ
h˜
h˜
uν
b sν
γ/Z µ
−
µ+
h˜
FIG. 2: Representative diagrams for b→ s`` transition.
which is in agreement with Ref. [13]. The contribution to
CµLL from scalar as well as fermionic leptoquark induced
4box diagrams in the limit m2
h˜,h
 m2W,t is given by
CµLL =
λ632kλ
6∗
32k
8piαe
(
mt
mh˜j
)2
− λ
6
3jkλ
6∗
2jlλ
6
i2kλ
6∗
i2l
32
√
2GF VtbV ∗tspiαem2h˜
− λ
6
3jkλ
6∗
2jlλ
6
i2kλ
6∗
i2l
32
√
2GF VtbV ∗tspiαem2h
g
(
m2u˜i
m2h
, 1,
m2ν˜j
m2h
)
, (12)
where repeated indices are summed over and the loop
function g(x, y, z) is defined by
g(x, y, z) =
x2 log x
(x− 1)(x− y)(x− z) + (cycl. perm.).
Note that CµLL depends on the product of couplings
λ63jkλ
6∗
2jk with the j = 3 set of couplings appearing in
the Wilson coefficient CτVL in Eq. (7). The contribution
from the box diagrams also involves one additional set
of couplings λ6∗i2kλ
6
i2l which can be constrained from the
measurement of Z → µµ¯ decay rate. In Ref. [13], it
was found that for a TeV scale leptoquark, the size of
such couplings can be as large as ∼ O(1). Processes such
as t → bµν¯µ, Ds → µν¯µ etc give similar constraints on
individual couplings λ6∗i2kλ
6
i2l. The product of couplings
λ63jkλ
6∗
2jk contributes to Bs − B¯s mixing amplitude. Fol-
lowing the suggestion of the UTfit Collaboration [45], we
define the ratio CBse
2iφBs = 〈Bs|H fulleff |B¯s〉/〈Bs|HSMeff |B¯s〉
to obtain
CBse
2iφBs = 1+
m2W
g4S0(xt)
( 1
m2
h˜
+
1
m2h
)λ63jkλ63lmλ6∗2jmλ6∗2lk
(VtvV ∗ts)2
,
(13)
which gives an allowed range consistent with the value
of λ63jkλ
6∗
2jk required to explain the RK data using the
latest UTfit values of the Bs − B¯s mixing parameters.
As a benchmark point taking λ63jkλ
6∗
2jk ' 0.07 for mh˜ ∼
750 GeV, mh ∼ 600 GeV and taking λ6∗i2k ∼ O(1), we
obtain the standard benchmark solution CµLL = −1 and
CµLR = 0 which satisfies the conditions given in Eq. (11).
The leptoquarks give additional contributions to b→ sγ
transition through penguin diagrams involving ν˜−h and
ν−h˜ in loops. Explicitly calculating the diagrams we find
that the contributions to C7γ is negligibly small, which
is in agreement with Ref. [13].
V. Explaining anomalous muon magnetic mo-
ment — In the SM, the muon anomalous magnetic mo-
ment is chirally suppressed due to a small muon mass,
aµ ∼ m2µ/m2W . In NLRSM, leptoquarks can induce an
additional contribution to the anomalous magnetic mo-
ment of the muon through one-loop vertex diagrams.
However, the sole contribution from leptoquark induced
diagrams cannot explain the experimental deviation from
the SM. One way out is to follow the approach taken
in Ref. [13], where a nonzero right-handed coupling of
a leptoquark is utilized. Interestingly, in NLRSM, it is
possible to explain the experimental data through a dom-
inant contribution from λ5 terms in Eq. (5). The new
contribution from λ6ijk terms in Eq. (5) is given by
aµ(λ
6) =
m2µ
32pi2
 1
m2
h˜∗jR
−m2t
|λ632j |2
(
1 +
2xt
1− xt
)
(
1
2
+
3
1− xt +
2 + xt
(1− xt)2 ln xt
)]
, (14)
where xt = m
2
t/m
2
h˜
. The λ5ijk terms in Eq. (5) give the
following contribution induced by sleptons
δaµ(λ
5) =
m2µ
16pi2
[|λi2k|2F (ek, ν˜Ei)− |λi2k|2F (e˜k, νEi)
+|λij2|2F (ej , ν˜Ei)− |λij2|2F (e˜j , νEi)
+|λij2|2F (Ej , ν˜ei)− |λij2|2F (E˜j , νei)
]
,(15)
where F (a, b) is defined as
F (a, b) =
∫ 1
0
dx
x2 − x3
m2µx
2 + (m2a −m2µ)x+m2b(1− x)
.
(16)
The existing measurements of the decay rates like τ →
µγ, τ → 3l, and τ → µνν¯ can give constraints on λ5i2k and
λ5ij2 separately in combination with some other indepen-
dent couplings [46]. Assuming a hierarchy between mE˜,e˜
and mν˜E ,ν˜e , as a benchmark taking mE˜,e˜ ∼ 700 GeV and
mν˜E ,ν˜e ∼ 250 GeV, we find that the current experimental
data can be explained with less than order unity values
of the couplings. Interestingly, in the presence of a mix-
ing between left- and right-handed leptoquarks (h˜L,R),
it is possible to enhance the leptoquark contribution sig-
nificantly to explain the data even without the slepton
induced contributions.
VI. Comments on lepton flavor violating (LFV)
Higgs decay h → τ±µ∓ and constraints from τ →
µγ process— In the SM, at tree level, LFV Higgs decays
are absent and at loop level, they are highly suppressed
by the GIM mechanism and small neutrino masses. Con-
sequently, an observation of LFV Higgs decays with sig-
nificant branching fractions would indicate NP contribu-
tions. Interestingly, the CMS Collaboration [47] has re-
ported a 2.4σ deviation in the measurement of LFV Higgs
decay branching fraction Br(h → µτ) = 0.084+0.39−0.37%,
using the 19.7 fb−1 data at a center of mass energy√
s = 8 TeV, which is consistent with the ATLAS Col-
laboration 20.3 fb−1 data with relatively large uncer-
tainties [48]. The scalar leptoquark can contribute to
the h → τµ decay through the terms with coefficients
λ632jλ
3
33j . In the presence of a mixing between h˜L,R, the
dominant contribution to the h→ τ±µ∓ decay rate is ob-
tained when there is a helicity flip in the internal fermion
lines [49–52] and the contribution turns out to be propor-
tional to
√
|λ632jλ333j |2 + |λ633λ333|2, which is constrained
from τ → µγ branching ratio. Using the constraints from
τ → µγ, we find the h→ τ±µ∓ branching fraction turns
5out to be orders of magnitude smaller than what is re-
quired to explain the CMS data.
VII. Conclusions— We have presented a minimal
framework of a left-right symmetric gauge theory nat-
urally accommodating leptoquarks, which can provide a
unified explanation of the B-decay anomalies in RD(∗)
and RK together with the anomalous muon magnetic
moment, while being consistent with the constraints from
the current measurements of (semi)leptonic decays and
B0s − B¯0s , D0 − D¯0 mixings. In this model both RD
and RD∗ anomalies can be explained via the exchange of
scalar leptoquarks at tree level, while the RK data can
be explained simultaneously using one loop diagrams in-
duced by leptoquarks. The anomalous muon magnetic
moment can also be addressed in this model without uti-
lizing a nonzero right-handed coupling of leptoquark.
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